The culture of marine algae in the laboratory for the purpose of physiological experiments has, in the main, been carried out using artificial culture media. This has an obvious advantage, providing uni-algal cultures of the species under observation are required. However, it also provides an environment for algal growth which is inevitably artificial, and leads to the speculation that the species studied may react rather differently under more natural conditions, as for example, if untreated sea water is used.
I N T R O D U C T I O N
The culture of marine algae in the laboratory for the purpose of physiological experiments has, in the main, been carried out using artificial culture media. This has an obvious advantage, providing uni-algal cultures of the species under observation are required. However, it also provides an environment for algal growth which is inevitably artificial, and leads to the speculation that the species studied may react rather differently under more natural conditions, as for example, if untreated sea water is used.
The present paper is concerned with a description of a system used for work on the growth of the larger Rhodophyceae and to a lesser extent, the Phaeophyceae. While it is possible to grow filamentous red algae successfully in small vessels of sea water or culture medium, the larger more solid red algae seldom grow satisfactorily under these conditions. However, good growth, and the maintenance of normal morphology, can be obtained in systems where the plants are grown in a constant flow of sea water. Experiments concerned with algal growth have been carried out using natural sea water (JONES 1957 , 1959 , NEUSHIJL & HAXO 1963 , NEUSHUL et al. 1967 , NEUSHUL &~ DAHL 1967 . In all cases continuous flow systems were used in which the water was discarded after use.
Various species of the larger algae have been grown in Menai Bridge for the past fourteen years. Our basic method was to grow the plants in shallow dishes into which sea water was passed from the main laboratory system. This system pumps water from the Menai Straits into sedimentation tanks, and thence, after as long a period as possible for settlement, to header tanks in the roof (12 m above the sedimentation tanks). From there the water is piped to various laboratories by gravity. It is discarded to waste after passing through the culture dish.
The water of the Menai Straits contains considerable quantities of sediment, particularly at the spring tides and in stormy weather, and at certain times of the year contains numerous larval stages of sedentary marine animals. This combination leads to difficulties and, as demands in the system have increased, the time which can be allowed for sedimentation has become very short. This can be very serious in some experiments when, owing to the illumination system, heating will occur in the culture dish if the water should cease to flow. Nevertheless, the system allowed us to grow a large number of species before difficulties became too great.
Three years ago, we were able to design a new system when the algal division of the Marine Science Laboratories moved to a new building too far from the old laboratory to permit connection to the existing system. In order to try to retain the advantage of continuous flow culture (but at the same time to reduce the difficulties resulting from sediment, animal larvae and algal spores) we decided to build a re-circulating system. We realised that there might be difficulties resulting from the accumulation of waste products and temperature rise, but felt that these could be minimised and would be of less importance than having an uncertain water supply.
DESCRIPTION OF THE RE-CIRCULATING SEA WATER SYSTEM I N USE AT MENAI BRIDGE
The closed circulation sea water system is shown diagramatically in Figure 1 . From the main storage tanks, T1 and T~, water is pumped to a header tank, H. The pump is of non-toxic material, and is controlled by a float system in the header tank. From tank H the water flows by gravity to the experimental benches in the laboratory. Two such benches are shown in Figure 1 ; the water supply to them is controlled by valves V1 and Vs. Valve V3 controls the flow to a third bench, located above bench B~ but not shown in the diagram. The outflow pipe from this upper bench joins that of bench B2. The storage tanks, pump and header tank are located outside the laboratory building.
Non-toxic materials are used throughout the system. The storage tanks are each of 4,400 1 capacity and are constructed of welded, white polypropylene sheet supported by steel framing. Each tank is provided with a wooden cover. The header tank is a standard domestic black polypropylene tank, of 450 1 capacity, enclosed in a timber housing. All piping is standard domestic black polythene. Nylon or poly-thene taps are used for controlling the supply to the experimental benches. The latter are of two types; the lower benches are constructed of wood, covered with sheet lead; the upper bench of white polypropylene sheet, supported on a framework of timber and aluminium. Each lower bench has a drainage channel ftted with an outflow pipe, by means of which water is returned to the storage tanks for re-circulation. There The sea water used in the laboratory is taken from the Menai Straits. It is usually possible to allow some of the grosser contaminating material to settle out in the main laboratory sedimentation tanks before pumping it to tanks T1 and T~, via the inlet pipes I1 and I2 (Fig. 1) . The tanks are used alternately to supply water to the laboratory. Whilst one tank is in use the other is emptied, cleaned and refilled. A week is allowed to elapse before the water is brought into use. This allows the larger particles of suspended matter present in the water to settle out and, as the water is kept in darkness during this period, there is presumably little growth of phytoplankton present in the water. Many motile algal spores also presumably settle during this time. When the change-over is made, the supply and outlet pipes to and from the laboratory are disconnected from the tank in use and connected to the tank containing unused sea water. The used sea water is drained from the storage tanks by means of pipe O, the flow being controlled by valves V4 or V5 (Fig. 1 ).
OPERATIONAL PROCEDURES AND RESULTS
The results of experimental work carried out, using this system, will be described elsewhere. It is proposed to discuss here the problems encountered while using the system and the means by which they were overcome. Observations made concerning the effect of light on the degree and type of contamination of algal cultures will also be discussed.
Temperature control
During the time that the system has been in use there has been no means of controlling water temperature, although it is hoped to install a unit for this purpose in the future.
As the storage tanks are located outside the laboratory building, the temperature of the sea water contained in them was dependent on the prevailing air temperature and on the amount of sunlight falling on the storage tanks, the pump, the header tank and on the piping leading into and out of the laboratory. The rapid absorption of heat by the pipes was probably the main cause of rise in temperature. Lagging the pipes with expanded polystyrene has been partially effective. Figure 2 shows the average monthly temperature of the sea water in the laboratory, and the average monthly surface temperature of the Menai Straits from November, 1967 to October, 1968 Temperature rise and fall follow a similar pattern in both cases. The water temperature rises from March until August, the difference in temperature between the two water masses remaining approximately the same during this period. The temperature then decreases, the difference in temperature between the laboratory sea water and that of the Straits being least during autumn. This is most probably due to the fact that the larger water mass of the Straits is slower in cooling, and less sensitive to air temperature, than is the comparatively small volume of water used in the laboratory. Maximal differences in temperature occur during winter and early spring; again this may be due to the fact that a small rise in air temperature would raise the temperature of the water in the storage tanks more than that of the Menai Straits. In addition, the laboratory building is heated during the winter months, and it is probable that some heating of the water occurred as it passed through the laboratory. The high average temperature recorded in January, 1968 may be explained by the fact that, as compared to December, February and March, the January air temperatures were high.
As already stated, the values shown are average values, and it should be mentioned that the fluctuations in water temperature for any one month (except in 3 cases) was greater than for that of the Menai Straits.
In summer 1968, the highest recorded temperature in the laboratory system was 19.60 C. However, temperatures in excess of 200 C have been recorded, and this could conceivably have an effect on algal growth. It was thought it might be possible to counteract this by keeping the laboratory air temperature as low as possible, and a Westinghouse air conditioner was employed for this purpose. It was found to be ineffective, even when set to maintain the laboratory air temperature at 100 C. Water flow through the system was too rapid to be affected by laboratory air temperature, at least in the summer when outside air temperatures may reach 20°-25 ° C. In the winter, however, the effect was reversed and, as already mentioned, the comparatively high temperature of the laboratory probably raises the water temperature.
T h e p r e s e n c e o f s e d i m e n t in t h e w a t e r
All the sediment present in the water is not removed, neither in the main laboratory sedimentation tanks nor during the time the water is standing in the storage tanks. Any sediment added to the water during its passage through the laboratory has little chance to settle out, owing to the rapid rate of circulation of sea water through the system.
In the case of experiments where it was required that as much suspended matter as possible be removed from the water, simple filters were inserted between the taps and the culture dishes. Each was constructed from a length of black vulcathene pipe 23 cm long, and 3.5 cm in diameter, loosely packed with glass wool. The ends were closed with rubber stoppers, through which passed the inlet and outlet tubes.
Most of the remaining sediment, and some of the larger organisms, were removed by the filters. Many diatoms, small flagellates, and algal spores were able to pass through. As the filters were constructed of black material, multiplication of any algae trapped in them was prevented. Filters were cleaned and the glass wool replaced, at least once each week. If lef~ for longer periods of time the filters became partially blocked, so reducing water flow. O r g a n i s m s p r e s e n t in t h e w a t e r
The principal disadvantage in using sea water which is only partially filtered for the culture of algae, is the contamination of cultures arising from the presence of organisms in the water. Algal sporelings were grown on glass slides, on which most contaminants settled easily. Of these, the most troublesome were phytoplankton organisms and the reproductive bodies of algae not in culture. Zooplankton and other small animals, if they passed through the filters, were easily removed with a camel hair brush. Many diatoms settled on the slides and on the surface of the culture dishes. In some cases it was possible to remove them with a camel hair brush, or with a jet of water, or by drawing a piece of lens tissue across the slide. However, some species were more difficult to remove without damage to the sporelings; for example, species of Nitzschia and Cocconeis.
Reproductive bodies of both micro-and macro-algae were present in the water and were very difficult to remove once established on the slides. The most prevalent species were Prasinocladus rnarinus (CI~NK.) WAERN, Pringsheimiella scutata (REINK~) MARCI~EXV., Enterornorpha spp. frequently Enteromorpha prolifera (O. F. MOLL.) J. AG. and filamentous and encrusting species of the Phaeophyceae. These were difficult to identify in the early stages of growth. Species of Cyanophyceae were also frequently present as contaminants; for example Phormidium and Calothrix spp. but not Spirulina subsalsa (O~l~ST.) GOM. which was a common contaminant of cultures in the previous sea water system.
The laboratory was used for the storage of algae brought in from the field, and if these were fruiting they appeared as contaminants on culture slides. It was also found that the laboratory could provide ideal conditions for the growth of algae not usually found on the Anglesey coast.
Stictyosiphon griffithsianus (LE JoL.) HOLM. et BATT., brought from Pembrokeshire in summer 1967, became a major contaminant of algal cultures. In the winter it disappeared completely, probably due to the drop in temperature.
Marine fungi were seldom seen. Bacteria were present, but did not appear to be detrimental to algal growth unless present in large numbers.
The number and species of contaminants present depended on the season, the water temperature and the light intensity at which the cultures were grown. In winter, when temperatures were low there was less contamination of cultures. As experimental work was concerned with the effect of light on algal growth, the effect of light intensity on culture contamination was of particular interest. It was found that light intensity controlled both the rate of multiplication and the species present on culture slides. The range of intensities used in experiments ranged from 0-10,000 lux. The light was provided by Atlas "daylight" tubes. Diatoms are present at all intensities, the number of diatoms decreasing with decreasing light intensity. Pringsheimiella scutata (R~iNi~r) MARc~rw. would settle but did not grow well below 1,000 lux. Prasinocladus rnarinus (CIrNK.) WA~RN although it settled and grew at intensities as low as 100 lux, did not produce large colonies at intensities below 2,500 lux. This also applies to those members of the Phaeophyceae found as contaminants. At low light intensities, that is at 1,000 lux and intensities below this, species of Cyanophyceae become the main contaminants, whereas they are few in number at higher intensities. They are fairly easy to remove, and it was found that cultures could be kept relatively free from contamination at low light intensities.
DISCUSSION
The principles involved in the operation of laboratory sea water systems have been fully described by ATz (1964) . The emphasis was on keeping animal populations alive and healthy and major problems included changes due to the presence of metabolic waste products and the need for aeration. In contrast to this, we have been more concerned in our algal cultures with changes in water temperature, and with contamination resulting from organisms passing through the filtration system. However, animals (particularly Aplysia punctata CUVIER) have been kept healthy successfully for several weeks in the laboratory here, but are usually excluded to prevent a build up of animal waste products.
We had anticipated that changes in the composition of the water, and increasing numbers of bacteria might have an adverse effect on algal growth. However, there were occasions when it was not possible to change the water in the storage tanks for periods of three to six weeks. This led to an increase in water temperature, especially in the summer months, and to an increase in the number of contaminating species in the system, particularly of diatoms and bacteria; but it was found that most of the algae being cultured could withstand such conditions and that, where growth was adversely affected, the plants were able to recover when new sea water was introduced into the system. A few of the more delicate species were not so resistant, and could not survive unless the water was regularly renewed. This would be an important consideration when setting up a laboratory of this kind at some distance from the sea.
The system has been in continuous use for 21/2 years and no major cleaning has been required, nor have any pipes become blocked. This contrasts markedly with the main laboratory system in which, as has already been mentioned, there has been a history of interrupted flow caused by fouling organisms and sediment accumulation.
Although no means of controlling water temperature have been available, most of the experiments carried out have been of short duration, seldom more than 3-4 weeks. During these short periods, the temperature could be relied upon to remain sufficiently constant for experimental purposes. Even on those occasions when the water temperature was unusually high, there were no obvious adverse effects on the algae in culture. There was, however, an increase in the number of contaminating species of algae present. To reduce the numbers of contaminants passing into culture dishes a more effective filtration system would have to be installed.
Where the culture dishes were strongly illuminated, there was an additional local temperature rise, unless the water flow was rapid. It was possible to overcome this by using maximum water flow, except where the highest intensities of illumination were employed. In this case a slight temperature rise (0.50 C-1.0 ° C) was unavoidable.
It has been found that algae can be kept in a healthy condition for long periods (over two years in some cases) so that, besides its usefulness for carrying out experiments under controlled conditions, the system has been used in studies of algal life histories (MARVIN 1969) . All the difficulties encountered using this system can be overcome by a suitable method of temperature control (shortly to be installed), and an effective filtration system. It would seem, from the results obtained since the system was installed, that even existing difficulties are outweighed by the advantage of being able to grow algae in an environment as nearly approaching field conditions as possible. SUMMARY 1. A description is given of a re-circulating sea water system used to supply water for the culture of algae. Sea water is stored in two large storage tanks. From these, water is pumped to a header tank and then flows by gravity to experimental benches in the laboratory. AfLer use, water is returned to the storage tanks. Nontoxic materials are used throughout the system. 2. It is not possible to control the temperature of the laboratory sea water. Although the temperature fluctuation of the laboratory sea water and the surface water of the Menai Straits follow a similar pattern throughout the year, the temperature of the laboratory sea water was always higher than that of the Menai Straits for the year [1967] [1968] . The difference between the two water masses is least (0.6°-1.8 ° C) from September-December and greatest (3.0°-4.6 ° C) from January to March. From April to August the difference varies from 2.40-3.6 o C. 3. Suspended matter is removed from the sea water by allowing sedimentation to occur in the storage tanks and by means of simple filters. 4. The principal disadvantage of using this type of system is the inevitable contamination of cultures by organisms present in the water. The number and species of contaminants depended on the season and the amount of illumination they received. Prasinocladus rnarinus (CI~N~.) WAERN., Pringsheirniella scutata (REINKr) MAI~CHEW., Enterornorpha spp., various diatoms and filamentous and encrusting Phaeophyceae were the main contaminants above 1,075 lux. At intensities below this, species of Cyanophyceae were the main contaminants. 5. The sea water system described has been found satisfactory for the culture of algae for experiments of short duration, and for keeping algae in a healthy condition for long periods.
